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TITLE OF THE INVENTION 

tovesan«« casting MoldandMeUKHlofManufaca^e 

casting technology. 

BACKGROUND ART a«dent Egypt and 

e^endaUec^anucshettmoldsfonnedaround P ^^^^ 
a«desi«dme.al8h.pe.T«dsi<»Inves««n.Castng ,.e.,PIC, 

15 ihatie£et8lo(iu8»e<amDlogy. 

The <»we„«°«^ «■= pro«« employs »ix i^^or Steps. 

2, »leavecor*«totingresiduesmtede-v«xrfce ^^^^ 

LuoidalsaicaWnd«»detoeacoa«ngo£.ef^-«^-*' 

■ . (b) Il!r«ng*ere£rac»rycoatogvrtthco.rsed.ypartcula« 

.rftactoiy grain or wco- to dete a stucco coafing, and 

,„« air dried iraoluWe bonded coalmg. 

fcl ail drying to define a green aircmea 

i-r«nMtedtotaildbysQCce88ivecoa18a 
These process steps can be repeatea TO u j 

.peen-, air dried sheU mold o£ the desired tiAtoess. 
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(3) Dewaxing-The disposable wax pattern is removed from the "green" air 
dried shell mold by steam autoclaving, pltmging the green shell mold into a 
flash de-waxing furnace heated to 1000''F-1900°F, or by any other method . 
which rapidly heats and liquefies the wax so that excessive pressure 
build-up does not crack the shell mold. 

(4) Fumacing-The de-waxed shell mold is heated at abotit 1600TP-2000TF to 
remove volatile residues and form stable ceramic bonds in the shell mold, 

(5) Pouring-The heated shell mold is recovered from the furnace and 
positioned to receive molten metal. The metal may be melted by gas, 
indirect arc, or induction heating. The molten metal may be cast in air or in a 
vacuum chamber. The molten metal may be poxired statically or 
centrifugally, and from a ladle or a direct melting crucible. The molten 
metal is cooled to produce a solidified metal castiiig in the mold. 

(6) Casting recovery-The shell molds having solidified metal castings therein 
are broken apart and the metal castings are separated from flie ceramic shell 
material. The castings can be separated from the sprue system by sawing or 
cutting with abrasive disks. The castings can be cleaned by tumbling, shot or 
grit blasting. 

Investment casting shell molds tend to be fragile and prone to breakage. In an 
effort to improve the strength of investment casting shell molds, small amotmts of 
chopped refractory fibers and chopped organic fibers have been added to aqueous 
refractory slurries. Refractory slurries which include these have small amounts of 
chopped refractory fibers enable application of thicker coatings to a preform. These 
slurries, however, reqxiire significant amounts of polymer to achieve satisfactory green 
strength and flow properties of the slurry. 

A need tiierefore exists for materials and methods which provide investment 
casting shell molds which have improved strength and avoids the disadvantages of the 
prior art. 
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DISCLOSURE OF THE INVENTION 

Ihe invention relates to a process for rapidly forming a ceramic shell mold on a 
disposable supportmember^andtothe ceramic sheUmoldsol^edthereby.Thei^^^^ 

entails forxmrtgadry blend that indudesrefractoryfiber^glass fiber and r^^^^^ 
5 ThedryblendthenismixedwithanaqueouscoUoidalsflicasolbindertoforma 
refractory sluxry.Therefractory slurry thencanbeusedinthemanufact^^ 

shell molds, , 

Ihe invention relates to a method of manufacture of an investment castmg mold. 
The method ^tailsmixingre£ractoryfiber,slassfiber,andrefractoryfm« 
10 dryblendpmixingthefir^dryblendwiihanaqueouscoUoidalsilicasoltoforma 
refractoryprimecoatslurry;mixingrefractoryfmer,glassfiberandrefractoryfib« 
formasecond dry blend, mixingthe second dry blend withan aqueous colloidal silica sol 

to form a refractory back-up coat slurry which may be the same or different from the 
refractory prime coat slurry; applying a coating of ihe prime coat slurry onto an 

15 expendablepatterntoproduceaprimecoatedprdormjapplyingastuccoofrefracto^ 
xnaterial onto the prime coated preform; drying the stuccoed, prime coated preform; 
applying a coating of refractory back-up coat slurry onto the stuccoed, prime coaied 
preform to produce a refractory back-up coated preform; applying a stucco of refractory 
material onto the back-up coated preform to produce a stuccoed, back-up coated preform; 

20 drying the stuccoed, refractory back-up coated preform; removing ^ expendable pattern 
from Ihe refractory back-up coated preform to produce a green shell mold; and heatmg 
the greenshellmoldtoatemperatuiesufficienttoproduceaceramicsheUmold.1he 

refractory fiber can be a ceramic fiber and the refractory filler can include ceramic grains. 
The ceramic fiber can be pesent in an amount of about 1 wt. % to about 10 wt. % by weight 
25 ofthedxyblend,theglassfibercanbepreseentinanamountofabotit0.5wt%toabout 
lOwt.% by weight of the dry blend, and the refractory fiUercanbe present in an amount 

of about 80 wt % to about 98.5 wt. % by weight of ttie dry blend. The dry blend can 

further include a polymeric fiber. 

Where the dry blend includes a polymeric fiber, the ceramic fiber can be present in 
30 an amount of about 1 wt % to about 10 wt.% by weight of the dry blend, the glass fiber 
canbe present in an amount of about 0.5 wt.% to about 10 wt. % by weight of the dry 
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blend, and the refractory filler can be present in an amount of about 80 wt.% to about 98.5 
wt. % by weight of the dry blend, and the polymeric fiber can be present in an amount of 
about 0.3 wt.% to about 4 wt% by weight of the dry blend. 

The process of the invention offers a number of advantages for the manufacture of 
5 ceramic shell molds over the prior art. For example, forming dry blends of fibers and 
refractory filler enables easy addition of refractory filler and fibers to the colloidal silica 
sol binder without the need to continuously mix or re-mix the silica sol and fiber pre- 
. blend prior to use. Another advantage is that the fibers do not need to be pre-dispersed in 
a liquid binder or combined with a polymer prior to adding refractory filler. A further 
10 advantage is that polymeric binder additives are not required to achieve improved green 
strength. Other advantages are that the invention avoids the prior art problem of fiber 
agglomeration under high shear mixing and the ability to build thicker coatings per dip. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 illustrates a positive disposable pattern 1 of a desired metal casting. 

FIG. 2 is an isometric view of a green shell 10 prior to removal of pattern 1. 
FIG. 3 is an isometric view of a dewaxed, dried green ceramic shell 20. 



MODES FOR CARRYING OUT THE INVENTION 

20 In a first aspect of the invention, a dry blend of refractory filler, refractory fiber 

and glass fiber is prepared. The blend is mixed with a colloidal silica sol binder to prepare 
a refractory slurry. The resultant refractory slurry is used to prepare investment casting 
shell molds. 

In another aspect, a dry blend of refractory fiber and glass fiber is formed. This dry 
25 blend is admixed with a mixture that includes an aqueous silica sol and refractory filler. 
The resultant refractory slurry is used to prepare investment casting shell molds. 

In another aspect of tiie invention, a dry blend of refractory filler and glass fiber, 
optionally vdth polymeric iSbers, is prepared. The dry blend is combined with a mixture 
of colloidal silica sol and refractory filler to produce a refractory slurry. This slurry also 
30 can be used to prepare investment casting shell molds. 
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In another aspect of the invention, rice hull ash is included in the dry blend that is 
mixed with the colloidal silica sol to form a slurry. This slurry also can be used to prepare 
investment casting shell molds, 

5 Dry Blends 

Refractory fillers which can be employed in the dry blends include a wide variety 
of materials. Examples of useful refractory fillers include but are not limited to grains 
such as fused silica, alumina, and aluminosilicates such as mullite, kyanite, and molochite, 
and mixtures thereof. 

10 Refractory fibers which may be employed in the dry blends typically have, but are 

not limited to, an aspect ratio of length to width of about 20:1. Examples of useful 
refractory fibers include but are limited to Orleans One fiber of Wallastonite from the 
Orleans Resource Group, located in Quebec, Canada, Nl AD G fiber of Wallastonite from 
NYCO Minerals Co. in Willsboro, NY, metal fibers, aramid fibers, carbon fibers, as well as 

15 chopped or milled ceramic fibers such as aluminosilicates such as mtdlite, oxides such as 
alumina and zirconia, nitrides such as silicon nitride, carbon, and carbides such as silicon 
carbide, and mixtures thereof. Chopped and milled ceramic fibers are commercially 
available from numerous sources such as Thermal Ceramics Corp. 

Glass fibers which may be employed in the dry blends include chopped and milled 

20 glass fibers. Chopped glass fibers which may be employed include but are not limited E- 
glass fibers and S-glass fibers and mbctures thereof. Examples of E-glass fibers which may 
be employed include but are not limited to those which measxire about 3 mm to about 6 
mm long and have a diameter of about 10 microns such as thpse from PPG Industries, 
Shelby, NC under the trade name Chop Vantage 8610. Chopped S-g^ fibers which may 

25 be employed include but are not limited to those which measure about 3 mm to about 6 
mm long and have a diameter of about 10 microns such as tihose available from AGY Ir\c. 
Aiken, SC. Examples of useful milled E-glass fibers include but are not limited to 731EP 
3mm floccular fibers which have a length of about 0.125 inch, an average diameter of 15.8 
microns and a bulk density of 0.17 gm/cm^ from Owens Coming Co. 

30 Organic fibers which may be employed in the dry blends include a wide variety of 

materials such as olefins, nylon type fibers, and arainid fibers. Examples of olefins which 
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may be used include but are not limited to polyethylene, and polypropylene such as those 
from Minifibers, Inc. Examples of nylon type fibers which may be used include but are 
not limited to those from Wex Chemical Co. Examples of aramid fibers which may be 
used include but are not limited to Kevlar from DuPont. Other organic fibers which ntiay 

5 be employed include polyester fibers such as those from Wex Chemical Co. and cellulose 
fibers such as those from Interfibe Corp. 

In the dry blends, the amounts of refractory fiber, glass fiber, refractory filler and 
optional polymeric fiber can be varied over a broad range. Where a dry blend includes 
refractory fiber, glass fiber, and refractory filler, the amount of refractory fiber may be 

10 about 1 wt. % to about 10 wt. % by weight of the dry blend, the amount of glass fiber may 
be about 0.5 wt.% to about 10 wt. % by weight of the dry blend, and the amoxmt of 
refractory filler may be about 80 wt.% to about 98.5 wt. % by weight of the dry blend. The 
refractory filler may have a broad range of particle sizes such as from about 325 mesh to 
about 25 mesh 

15 Where a dry blend includes refractory fiber, glass fiber, refractory filler, and 

pol3rmeric fiber, the amount of refractory fiber may be about 1 wt.% to about 10 wt.% by 
weight of the dry blend, the amount of glass fiber may be about 0.5 wt.% to about 10 wt. 
% by weight of the dry blend, and the amount of refractory filler may be about 76 wt. % to 
about 98 wt. % by weight of the dry blend, and the amount oi pol)niieric fiber may be 

20 about 0,3 wt. % to about 4 wt. % by weight of the dry blend. 

The silica sol binder that is combined with the dry blend to form a refractory sliurry 
preferably is an aqueous colloidal silica sol available under the trade name Megasol® from 
Wesbond, Inc., Wilmington, DE. Megasol® aqueous silica sols are available in a range of 
pH values, titratable NajO contents, as well as solids contents. Megasol® aqueous silica 

25 sols have an average particle size of about 40 nanometer, a particle size range of about 6 
run to about 190 nm, and a standard deviation of particle sizes of about 20 nm. The pH of 
. the Megasol® aqueous silica sols may vary from about 8.0 to about 10.0, preferably about 
9.0 to about 9.5; the titratable Na^O content can vary from about 0.02% to about 
0.5%,preferably about 0.1% to about 0.25%, most preferably about 0.20% to about 0.22%, 

30 and a solids content of about 30% to about 50% solids content, preferably about 40 to 
about 47% solids content, more preferably, about 45% solids content 
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As mentioned, the siUca sol binder employed is Megasol* from Wesbond, Inc. 
However, other aqueous colloidal siHca sols such as MegaPrime fromBuntrocklndustnes, 
Inc.Wmiam8burg,VA;Nyacol830fromEKAChemicalCo.,Nalcoagll30andNalcoag 
1030 fromNalcoChemicalCo., as weU as LudoxSM30 and LudoxHS^OfromW.R. Grace 

5 & Co., may be used. 

Preparation of Refractory Slurries 

Refractory slurries are formed by mbdng an afore described dry blend and an 
aqueous siHca sol binder. The amounts of dry blend and aqueous siHca sol, preferably 
Megasol* used to form a refractory slurry may vary over a wide range. Typically, the dry 
10 blendmaybeabout57wt.%toabout64wt%basedonfhetotalweightoftheslurry, 

remainder aqueous silica sol. 

Manufacture of refractory slurries illustrative of the invention are described below 
by reference to the following non-limiting examples. 



15 



Example 1- This example illustrates forming a refractory slurry by nuxmg a dry blend 
^ SSSes refractory filler, refractory fiber, and glass fiber and mixmg 
that dry blend with an aqueous colloidal silica soL 



100 grams Orleans One refractory fiber of Walkstonite, 20 grams 731 ED 1/8" 
20 milled E-glass fiber, and a refractory filler that includes 715 gms Fused Silica 120 (120 
mesh fiised siHca from CE Minerals Co., Greenville, TO) and 715 gms Fused SiUca 200 
(200 mesh fused silica from C-E Minerals Co., Greenville, IN) are dry mixed to form a dry 
blend. 

The dry blend is mixed with 1000 gms of Megasol» that has a soHds content of 45%, 
25 a pH of 9.5 and a titratable Na^O content of 0.2% to form a refractory slurry. 

Example2: This example iUustrates forming a refractory slurry by mbdng a dry ble^^ 
that includes refractory filler, refractory fiber, glass fiber, and organic 
polymeric fiber and mixing that dry blend with an aqueous colloidal silica 
30 sol. 

100 grams Orleans One refractory fiber of Wallastonite, 20 grams 731 ED 1/8" 
milled E-glass fiber, a refractory filler that includes 715 gms Fused Silica 120 and 715 gms 



wo 02/38308 PCT/USO 1/46454 

8 

Fused Silica 200 are dry mixed with 20 grains polyethylene fiber that has a length of 1 mm 
and a diameter of 0.5 micron to form a dry blend. 

The dry blend is mixed with 1000 gms of the Megasol® of example 1 to form a 
refractory slurry. 

Example 3: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler, refractory fiber and organic polymeric fiber 
and mixing that dry blend with an aqueous colloidal silica sol. 

100 grams Orleans One refractory fiber of Wallastonite, 20 grams polyethylene 
fiber having a length of 1 mm and a diameter of 1 micron, and a refractory filler diat 
includes 715 gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a 
dry blend. 

The dry blend is mixed with 1000 gms of ihe Megasol® of example 1 to form a 
refractory slurry. 

Example 4: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler, glass fiber and organic polymeric fiber and 
mixing that dry blend with an aqueous colloidal silica sol. 
20 

100 grams 731 ED 1/8" miUed E-glass fiber, 20 grams polyethylene fiber having a 
length of 1 mm and a diameter of 1 micron, and a refractory filler that includes 715 gins 
Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a dry blend. 

The dry blend is mbced with 1000 gms of Ae Megasol® of example 1 to form a 
25 refractory slurry. 

Example 5: This example illustrates forming a refractory slurry by mixing a dry blend 
that indudes refiractory fiber and glass fiber and mbdng that dry blen^ 
a blend of an aqueous colloidal silica sol and refractory filler. 
30 ^ 

100 grams Orleans One refractory fiber of Wallastonite and 20 grams 731 ED 1/8" 
milled E-glass fiber mixed dry to form a dry blend. 
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The dry blend is admixed with a mixture that includes 1000 gms of the Megasol of 
example 1 and a refractory filler that includes 715 gms Fused SiHca 120 and 715 gms Fused 
Silica 200 to form a refractory slurry. 

Example 6: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory fiber, glass fiber and organic polymeric fiber and 
mixing that dry blend with a blend of an aqueous colloidal silica sol and 
refractory filler. 

100 grams Orleans One refractoiy fiber of Wallastonite, 20 grams polyethylene 
fiber having a length of 1 nun and a diametCT of 0.5 iiinv and 10^ 
3iulled E-glass fiber are mixed dry to form a dry blend. 

The dry blend is admixed with a mixture that includes 1000 gms of the Megasol of 
example 1 and a refractory filler that includes 715 gms Fused Silica 120 and 715 gms Fused 
Silica 200 to form a refractory slurry. 

Example 7: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler and g^ass fiber and mixing that dry blaid with 
an aqueous colloidal silica sol. 

100 grams 731 ED 1/8" milled E-glass fiber and a refractory filler tiiat includes 715 
gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a dry bleiid. 

The dry blend is mixed with 1000 gms of the Megasol of example 1 to form a 
refractory slurry. 

Example 8: This example illustrates forming a refractory slurry by mixing a dry blend 
that includes refractory filler and refractory fiber with an aqueous colloidal 
silica sol. 

100 grams Orleans One refractory fiber of Wallastonite and a refractory filler that 
includes 715 gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a 
dry blend. 

The dry blend is mixed with 1000 gms of the Megasol of example 1 to form a 
refractory slurry. 
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Example 8A: This example illustrates forming a refractory slurry by mixing a dry 
blend tiiat includes refractory filler and glass fiber with an aqueous 
colloidal silica sol. 

5 20 grams 731 ED 1/8" milled E-glass fiber and a refractory filler liiat includes 715 

gms Fused Silica 120 and 715 gms Fused Silica 200 are dry mixed to form a dry blend. 

The dry blend is mixed with 1000 gms of the Megasol of example 1 to form a 
refractory slurry. 

10 Preparation of prime coats and back-up coats 

Refractory prime coat slurries and refractory back-up coat slurries are prepared by 
pladng a silica sol binder, preferably Megasol®, into a dean, water rinsed mixing tank and 
adding the dry blend of material while mixing. Various mixing devices known in Ihe art 
may be employed in the mixing tank. These devices include, for example, propeller type 

15 mbcers, jar mills, high speed dispersion mixers, and turntable fixed blade mixers. The dry 
blend is added while mixing until a suitable viscosity is reached. 

For refractory prime coat slurries, a suitable viscosity is typically about 18-30 
seconds No. 4 Zahn, preferably 20-30 sec, most preferably 24-30 sec. For refractory back- 
up coat slurries, suitable viscosities are about 10-18 sec. viscosity Zahn #4, preferably 

20 about 10-16 sec Zahn#4, most preferably about 12-15 sec Zahn #4. In each of the 

refractory prime coat slurries and refractory back-up slurries, additional mixing can be 
performed to remove entrapped air and to reach equilibrium. 

A final viscosity adjustment can be made by addii^ additional Megasol® colloidal 
silica sol binder or refractory material. Non-ionic surfactants and anionic surfactants also 

25 can be added to the refractory slurries. 

Refractory Stucco Grains 

A wide variety of refractory grains may be used as stucco on refractory prime coat 
slurries as well as on refractory back-up coat slurries. Examples of useful refractory 
30 grains include but are not limited to muUite, calcined china clay and other 

aluminosilicates, vitreous and crystalline silica, alumina, zircon and chromite. The 
refractory grains preferably are free of ionic contaminates in amounts that can contribute 
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to instabiHty of the refractory grains and to tiifirmally induce phase changes during metal 
casting. As is known in the art, refractory grains which are free from contaminates in 
amounts that can contribute to instabiHty of the refractory grains can be produced by 
purification with or without calcining. 

5 

Ceramic Shell Mold 

In forming a shell mold, a disposable pattern, preferably a thermoplastic pattern, 
more preferably a wax pattern, is dipped into a refractory prime coat slurry to coat the 
surface of the pattern with a continuous layer of refractory prime coat slurry. Typically, 
10 one to three coatings of a refractcwy prime coat slurry are applied. The refractory prime 
coat(s) appHed can have thicknesses of about 0.02" to 02", preferably 0.04" to 0.2", most 
preferably 0.04" to 0.1". The coated pattern is drained thorougjdy to remove excess slurry, 
and then stuccoed with fine grained, refractory stucco to produce a stuccoed prime coat. 
The stuccoed prime coat then is dried prior to application of an additional prime coat. A 
15 back-up coat is applied over the stuccoed prime coat. The stuccoed back-up coat then is 
dried prior to appUcation of an additional back-up coat. Application of back-up coats is 
repeated until llie resulting shell oh the pattern reaches a desired thickness and strength- 

The drying time between successive prime coats and back-up coats depends on the 
complexity of die shape of the disposable pattern. Disposable patterns which have deep 
20 cavities where airflow is minimal take longer to dry between coats. Drying can be 
performed at about 60 °F to about 90 °F, preferably about 70 °F to about 75°F. Drying 
may be performed under accelerated conditions of low humidity and high temperature 
witii rapid air movement. A thickness of ceramic shell mold of about 0.20 inch to about 0.5 
inch is sufadent for most castir^. Two prime coats, and 4 to 5 back-up coats typically 
25 yield a 025 inch thick ceramic shell mold that has a strength sufficient to withstand 
dewaxic^ and fumadng. 

Materials 

When a wax pattern is employed, titie wax pattern preferably is formed from a 
30 filled or unfilled paraffin based investment casting grade wax, or microcrystalline wax. 

Variotis refractory slurry compositions may be used in the refractory prime coat 
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refractory back-up coat slurries are detemuned by the characteristics desired in the 
ceramic shell mold used to produce a metal casting of desired dimensions and surface 
finish. Useful refractory prime coat slurries employ fine size refractory grain, typically 
about -200 mesh to about -325 mesh. Examples of useful refractory prime coat slurries 
5 include Megasol® together with a blend of -200 mesh Fused silica and -325 mesh zircon 
refractory grain. The zircon refractory grain provides high resistance to molten metal. 
The fine particle size of the zircon also enables production of castings which have smooth, 
detailed surface finishes. 

In refractory prime coat slxnries which employ Megasol®, and a refractory filler of 

10 fused silica and zircon, the Fused silica suitably can have sizes such as about -100 mesh, 
about -120 mesh, about -140 mesh, about -170 mesh, about -270 mesh and about -325 
mesh, most preferably about -120 to about -200 mesh. The zircon suitably can have a 
particle size such as about -200 mesh, about -325 mesh and about -400 mesh, preferably, 
about -200 mesh, most preferably about -325 mesh. 

15 The refractory prime coat slurries optionally may include one or more non-ionic 

surfactants. A particularly useful non-ionic surfactant is PS9400 available from Buntrock 
Industries, Williamsburg, VA. This surfactant improves the ability of the refractory prime 
coat refractory slurry to wet the wax pattern and assists in drainage. Surfactants may be 
added to the refractory prime coat refractory slurry in an amount of up to about 0.2% 

20 based on the weight of the Megasol®. 

Refractory back-up slurries employ coarser refractory grain sizes than are used in 
refractory prime coat slurries. For example, in refractory back-up slurries where Fused 
silica is employed as a refractory filler, the fused silica typically has a particle size of about 
-80 mesh to about -270 mesh, preferably about -100 mesh to about -200 mesh, most 

25 preferably, about -100 mesh to about -120 mesh. 

Refractory grains for application as stucco to the prime coat include but are not 
limited to zircon sand of about - 70 mesh to about 200 mesh, preferably about -70 to about 
140 mesh. The refractory grains which may be used as stucco on the back-up coats may 
vary from about -10 mesh to about 200 mesh, preferably about -20 mesh to about 50 mesh. 

30 Most preferably, the refractory grains have a size of about -30 mesh to about 50 mesh. 

In an alternative embodiment, a transitional stucco refractory material, preferably 
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prime coat stucco and the coarse back-up coat stucco, such as a grain size of about -50 
mesh to about +100 mesh, may be applied to the prime coat-stuccoed disposable pattern 
prior to application of the coating of refractory back-up slurry. The transitional stucco coat 
can be used to add strength and to minimize the possibility of delamination between the 
5 final coating of prime coat slurry and the first coating of refractory back-up slurry. 

Dewaxing 

The ceramic shell molds may be dewaxed by methods such as immersion into 
boiling water, steam autodaving, and flash dewaxing as is known in the a^^ Steam 

10 autodaving may be performed by: 

1. Using as high a steam pressure as possible, preferably about 60 PSI or higher, 
more preferably about 80-90 PSI. 

2. Qosing and pressurizing the autodave as rapidly as possible, preferably in less 
than about 15 to 20 seconds. 

15 3. Exposing the air dried green shell to the steam for about 10 to 15 minutes. 

4. Slowing depressurizing the autoclave over about 30 to 60 seconds. 

Flash dewaxing may be performed by plunging the air dried green shell mold into 
a furnace heated to about lOOOTF to about 1900"^. At these temperatures, the wax next to 
20 the wall of the ceramic shell rapidly melts so that the pressure due to expansion of the 
wax does not crack the ceramic shell. The ceramic shdl may then be removed to a cooler 
temperature zone of about 200T^ to 600''F to complete the removal of the wax. The melted 
wax can drain through a bottom opening in the melting chamber into a water bath or 
reservoir for recovery. 

25 

Fumacing 

Fumadng entails heating the dewaxed ceramic shell mold to about 1600*1^ to about 
20001^ to remove volatile residues and to produce a high strength, fired ceramic shell 
mold. The dewaxed ceramic shell mold is held in Ihe furnace to attain thermal 
30 equilibrium, after which it is retrieved from the furnace and cast with the desired molten 
metal. 
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Manufacture of ceramic shell molds is illustrated below by reference to the 
following non-limiting examples: 

Example 9; 

5 An 8 inch by 7/8 inch by 3/8 inch wax bar pattern 1 as shown in Fig. 1 is dipped 

into the refractory slurry of example 1. For convenience, in this example, the same 
refractory slurry is used for both prime and back-up coats. 

Wax pattem 1 is dipped into the refractory slurry for 8 seconds, removed, and 
allowed to drain for 10 seconds to form a first prime coat. Zircon sand that has a particle 
10 size range of -70 to 140 mesh available from DuPont Corp. is applied as stucco to the first 
prime coat. 

The stuccoed, prime coated wax pattem is dried for 30 minutes at 75°F, and then 
again dipped into the refractory slurry for 8 seconds to form a second prime coat and 
again stuccoed witii the zircon sand of -70 to 140 mesh. 

15 Wax pattem 1 having two stuccoed prime coats ihen is dipped into the refractory 

slurry for eight seconds and drained for ten seconds. The coated product is stuccoed with 
Tecosil -50+100 mesh fused silica available from C-E Minerals to form an intermediate 
stuccoed pattem. The intermediate stuccoed pattem then is dried for 30 minutes at 75 °F. 
The intermediate stuccoed pattem is dipped into the refractory slurry and stuccoed with 

20 Tecosil -30+50 mesh fused silica to form stuccoed backup coat The stuccoed, back up 

coated pattem then is dried at 75 °F. This cycle of dipping, draining, stuccoing, and drying 
is repeated to provide a total of five back-up coats. 

After application of each prime coat, intermediate coat, and back-up coat, portions 
of vertical sides 5 and lateral sides lA of pattem 1 are scraped to remove the coats and 

25 stucco to produce a ceramic shell mold 10 as shown in Fig. Z The ceramic shell mold 10 
again is dipped into the refractory slurry to provide a seal coating on the pattern. The seal 
coated, ceramic shell mold 10 is dried at 75 overnight The resulting dried, ceramic 
shell produced is immersed in boiling water to remove pattem 1. The resulting dewaxed, 
dried, green ceramic shell 20, shown in Fig. 3, is cut in half lengthwise, and dried at 75 

30 for 4 hoxirs. 

A section of ceramic shell 20 that measures 1 inch wide by 6 inches long by 0.3 
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flexure to determine the modulus of rupture. The modulus of rupture ("MOR") of the 
ceramic shell is calculated using the formula: 

R = (3WI)/(2bd^ 



where; 



,2 



5 R =» modulus of rupture in lbs/in' 

W = load in pounds at which the specimen 
failed 

I = distance (span) in inches between liie 
cent«-lines of the lower bearing edges 

b = width of specimen in inches 
20 d = depth of specimen in inches 

The modulus of rupture for die green shell of example 9 is 1,018 PSI. The green shell is 
fired at 1850 °F for one hour. The modulus of rupture of the resulting fired shell mold is 
1044 PSI. 



Example 10: 

The process of example 9 is repeated except Aat the slurry of example 8 is 
employed. The modulus of rupture for the green sheU is 688 PSI. The green shell is fired at 
1850 °F for one hour. The modulus of rupture of the resulting fired shell mold is 941 PSI. 

20 

Example 11: 

The process of example 9 is repeated except that the slurry of example 8A is 
employed. The modulus of rupture for the green shell mold of example 11 is 645 PSI. The 
shell mold is fired at 1850 ®F for one hour. The modulus of rupture of the resulting fired 
25 mold is 694 PSI. 

In another aspect of the invention, a ceramic slurry that includes rice hull ash is 
employed. Preferably, the rice hull ash is about 95+% amorphous silica, remainder carbon. 
This tjrpe of rice huU ash is available from Agrilectric Power, Inc., Houstprv TX. 
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rice htill ash wiHi dry blends of refractory materials is illustrated in the following non- 
limiting examples: 

Example 12 

5 The process of example 9 is repeated except that the refractory slurry used includes 

1000 grams MegaPrime silica sol binder that has a pH of 10.5, a solids content of 40%, a 
titratable NajO content of 0.33%, an average particle size of about 40 ran, a particle size 
distribution of about 6 nm to about 190 ran, and a standard deviation of particle size of 
about 20 nm, and the dry blend is 1430 gram of Fused Silica 200 refractory filler. The MOR 
10 of the green shell is 621 PSI. 

Example 13 

The process of example 9 is repeated except that the refractory slurry used includes 
1000 grams of the MegaPrime silica sol binder of example 12, and the dry blend is 1430 
15 gram of Fused Silica 200 refractory filler, and 200 grams of rice hull ash. The MOR of the 
green shell is 804 PSI. 

Example 14 

The process of example 9 is repeated except that the refractory slurry used includes 
20 1000 grams MegaPrime silica sol binder of example 12, and the dry blend is 1430 gram 
Fused Silica 200, 200 grams of rice hull ash, and 16 grams of 731 ED 1/8" milled E-glass 
fiber. The MOR of the green shell mold is 833 PSI. 

Example 15 

25 The process of example 9 is repeated except that the refractory slurry used includes 

1000 grams of the MegaPrime silica sol binder of example 12, and the dry blend is 1430 
gram Fused Silica 200, 100 grams of rice htill ash, and 16 grams of 731 ED 1/8" milled E- 
glass fiber, and 4 grams Oiop Vantage 8610 chopped 1/ 8" E-glass fiber. The MOR of the 
green shell is 1161 PSL 
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Example 16 

The process of example 9 is repeated except that the refractory slurry used includes 
1000 grains Megasol silica sol binder that has a pH of 9.5, a solids content of 45% and a 
titratable Na^O content of 0.2%, and the dry blend is 1300 grams of Fused Silica 200 and 
5 100 grams rice hull ash. The MOR of the green shell is 831 PSI. 

-Example 17 

The process of example 9 is repeated except that the refractory slurry used includes 
875 grams of the MegaPrime sol binder of example 12, and the dry blend is 1485 grams 
10 Fused Silica 120, 100 grams rice hull ash and 100 grams of polyethylene fiber that has a 
length of 1 mm and a diameter of 0.5 micron. 

Example 18: 

The process of example 9 is repeated except that the refractory slurry used includes 
15 1000 grams MegaPrime silica sol binda: that has a pH of 10.5, a solids content of 40%, a 
titratjdale NajO content of 0.33%, an average partide size of about 40 nm, a particle size 
distribution of about 6 nm to about 190 ran, and a standard deviation of particle size of 
about 20 nm, and the dry blend of 1430 gram of Fused Silica 200 refractory filler and 100 
grams rice hull asK 

20 

Example 19: The process of example 9 is repeated e5a:ept that the refractory slurry used 
includes 1000 grams MegaPrime silica sol binder that has a pH of 10.5, a solids content of 
40%, a titratable Na^O content of 0.33%, an average partide size of about 40 nm, a partide 
size distribution of about 6 nm to about 190 nm, and a standard deviation of particle size 
25 of about 20 nm, and the dry blend is 1430 gram of refractory filler that indudes 50% 325 
mesh fused silica, 25% 120 mesh fused alica, and 25% 50 mesh fused silica. 

Example 20: The process of example 19 is repeated except that 100 grams of rice huH ash 
also is induded in the dry blend used to prepare Hie refractory slurry. 



Example 21: The process of example 9 is repeated except that the refractory slurry used 
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and a titratable Na^O content of 0.2%, an average particle size of about 40 mn, a particle 
size distribution of about 6 nm to about 190 mn, and a standard deviation of particle size 
of about 20 nm, and the dry blend is a mixture of refractory fiber and refractory filler. The 
refractory fiber is Wallastonite One fiber present in an amount of 100 grams, and the 
5 refractory filler is present in an amount 1430 gram that includes 700 gram Fused silica 120, 
700 gram Fused silica 200, 100 gram MuUite 100 Mesh. The MOR is 910 psi 

Example 22: The process of example 21 is repeated except that 100 grams of rice hull ash 
also is included in the dry blend used to prepare title refractory slurry. 

10 

Example 23: This example illustrates manufacture of ceramic shell molds without the use 
of stucco. 

An 8 inch by 7/8 inch by 3/8 inch wax bar pattern 1 as shown in Fig. 1 is dipped 
into a refractory slurry that includes 1000 grams of the Megasol used in example 1, 2135 
15 grams refractory filler, and 213 grams Wallastonite refractory fiber. For convenience, in 
this example, the same refractory slurry is used for both prime and back-up coats. The 
refractory filler includes 1485 grams 200 mesh fused silica, 250 gams 35 mesh mullite, and 
400 grams 48 mesh mullite. 

Wax pattern 1 is dipped into the refractory slurry for 8 seconds, removed, and 
20 allowed to drain for 10 seconds to form a first prime coat 

The prime coated wax pattern is dried for 30 minutes at 75^F, and then again 
dipped into the refractory sltury for 8 seconds to form a second prime coat 

Wax pattern 1 having two prime coats then is dipped into titie refractory slurry for 
eight seconds and drained for ten seconds. The coated pattern then is dried for 30 
25 minutes at 75 This cycle of dipping, draining and drying is repeated to provide a total 
of five back-up coats. 

After application of each prime coat and back-up coat, portions of vertical sides 5 
and lateral sides 1 A of pattern 1 are scraped to remove the coats to produce a ceramic 
shell mold 10 as shown in Fig. 2. The ceramic shell mold 10 again is dipped into the 
30 refractory slurry to provide a seal coating on the pattern. The seal coated, ceramic shell 
mold 10 is dried at 75 'I' ovemigjit The resulting dried, ceramic shell produced is 
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ceramic shell. The green sheU mold then is fired at 1850 to produce a fired ceramic 
shell mold. 



Example 24: 

The procedure of example 23 is repeated except that the dry blend also includes 
grams of E-glass fiber. 

Example 25: The procedure of example 23 is repeated except that the dry blend also 
includes 100 grains of rice hull ash. 



Example 26: The procedure of example 24 is repeated except tfiat the dry blend also 
includes 100 grams rice hull ash. 
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I claim: 

1. A method of manufacture of an investment casting mold comprising^ 

mixing refractory fiber/ glass fiber, and refractory filler to form a first dry blende 
5 mixing refractory fiber^ glass fiber, and refractory filler to form a second dry blend 

which may be the same or different from the first dry blend, 

mixing the first dry blend with an aqueous colloidal silica sol to form a refractory 
prime coat slurry, 

mixing the second dry blend with an aqueous colloidal silica sol to form a 
10 refractory back-up coat slurry which may be the same or different from the refractory 
prime coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattern of 
thermoplastic material to produce a prime coated pref omv 

applying a stucco of refractory material onto the prime coated preform, 
15 drying the stuccoed, prime coated prefonrv 

applying a coating of the refractory back-up coat sltirry onto the stuccoed, prime 
coated preform to produce a refractory back-up coated preform, 

applying a stucco of refractory material onto ihe back-up coated preform to 
produce a stuccoed, back-up coated preform, 
20 drying the stuccoed, refractory back-up coated preform, 

removing tiie expendable pattern from the refractory back-up coated preform to 
produce a green shell mold, and 

heating the green shell mold to a temperature sufficient to produce a fired ceramic 
shell mold. 



25 



2. The method of claim 1 wherein the refractory fiber is a ceramic fiber and the 
refractory filler includes ceramic grains which have a particle size of about 325 
mesh to about 25 mesh 



30 3. 



The method of daim 2 wherein ihe ceramic fiber is about 1 wt. % to about 10 wt. % 
by weight of the dry blend. 
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the glass fiber is about 0.5 wt. % to about 10 wt % by weight of the dry 
blend, and 

the refractory filler is about 80 wt% to about 98.5 wt. % by weight of flie dry 
blend. 

5 

4. The method of claim 1 wherein the dry blend further includes a polymeric fiber. 

5. The method of claim 4 wherein flie ceramic fiber is about 1 wt.% to about 10 wt.% by 
wei^t of the dry blend, 

10 the glass fiber is about 0.5 wt% to about 10 wt, % by weight of the dry blend, 

and the refractory filler is about 80 wt.% to about 98.5 wt. % by weight of the dry 
blend, and 

the polymeric fiber is about 0.3 wt.% to about 4 wt.% by weight of titie dry blend. 

15 6. The method of claim 5 wherein the glass fiber is selected from the group consisting of 
E-glass fibers and S-glass fibers, and the polymeric fiber is selected from titie group 
consisting of olefins, nylon type fibers, and aramid fibers. 

7. The method of claim 2 wherein the refractory filler further includes rice hull ash. 

20 

8, A method of manufacture of an investment casting mold comprising, 

mixing Wallastonite refractory fiber, glass fiber, and fused silica refractory filler to 
form a dry blend, 

mixing the dry blend with an aqueous colloidal silica sol which has a solids content 
25 of 45%, a pH of 9.5 and a titratable NajO content of 0.2% to form a refiractory prime coat 
slurry, 

mixing the dry blend with the aqueous colloidal silica sol to form a refractory back- 
up coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattern of 
30 thermoplastic material to produce a prime coated preform, 

applying a stucco of refractory material onto the prime coated preform. 
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applying a coating of refractory back-up coat slurry onto the stuccoed, prime 
coated preform to produce a refractory back-up coated preform, 

applying a stucco of refractory material onto the back-up coated preform to 
produce a stuccoed, back-up coated preform, 
5 drying the stuccoed, refractory back-up coated pref omv 

removing the thermoplastic pattern from the refractory back-up coated preform 
to produce a green shell mold, and 

heating the green shell mold to a temperature sufficient to produce a ceramic shell 

mold. 

10 

9. The process of claim 8 wherein the blend includes 100 grains Wallastonite refractory 
fiber, 20 grams of gjass fiber, and a refractory filler that includes 1430 grams fused silica. 

10. The process of claim 9 wherein ttie dry blend is mixed with 1000 gms of the colloidal 
15 silica sol. 

11. A method of manufacture of an investment casting mold comprising, 
mixing glass fiber, fused silica refractoiy filler and rice hull ash to form a dry 

blend, 

mixing the dry blend with an aqueous colloidal silica sol which has a solids content 
of silica sol binder that has a pH of 10.5, a solids content of 40% and a titratable NajO 
content of 0.33%, an average particle size of about 40 run, a particle size distribution of 
about 6 nm to about 190 ran, and a standard deviation of particle size of about 20 run to 
form a refractory prime coat slurry, 

mixing the dry blend with the aqueous coUoidal silica sol to form a refractory back- 
up coat slurry, 

applying a coating of the prime coat slurry onto an expendable pattem of 
thermoplastic material to produce a prime coated preform, 

applying a stucco of refractory material onto the prime coated preform, 
drjang the stuccoed, prime coated preform, 

applying a coating of refractory back-up coat slurry onto the stuccoed, prime 
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applying a stucco of refractory material onto the back-up coated preform to 
produce a stuccoed, back-up coated preform, 

■ drying the stuccoed, refractory back-up coated preform, 
removing the thermoplastic pattern from the refractory back-up coated preform 

5 to produce a green shell mold, and 

heating the green sheU mold to a temperature sufficient to produce a ceramic shell 

mold. 

12. The process of daim 11 wherein the blend includes 1430 gram fused siHca, 100 grams 
10 of rice hull ash, and 20 grains of glass fiber. 

13. The process of daim 12 wherein the dry blend is mixed with 1000 gms of the colloidal 
silica sol. 

15 14 The product of the process of claim 10. 

15. The product of Ae process of claim 13. 

16. A metiiod of manufacture of an investment casting mold comprising, 
20 ' mixing refractory fiber and glass fiber to form a first dry blend, 

mbdng refractory fiber and glass fiber to form a second dry blend which may be 
iiie same or different from die first dry blend, 

mixing the first dry blend with a mixture of aqueous colloidal silica sol and 
refractory filler to form a refractory prime coat slurry, 
25 mixing the second dry blend with a mixture of aqueous coUoidal silica sol and 

refractory filler an aqueous colloidal siUca sol to form a refractory bads-up coat slurry 
which may be the same or different from the refractory prime coat sluny, 

applying a coating of the prime coat slurry onto an expendable pattern of 
thermoplastic material to produce a prime coated preform, 
30 applying a stucco of refractory material onto the prime coated preform, 

drying the stuccoed, prime coated preform. 
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applying a coating of the refractory back-up coat slurry onto the stuccoed, prime 
coated preform to produce a refractory back-up coated preform, 

appljnng a stucco of refractory material onto the back-up coated preform to 
produce a stuccoed, back-up coated preform, 
5 drying Ihe stuccoed, refractory back-up coated preform, 

removing the expendable pattern from tihe refractory back-up coated preform to 
produce a green shell mold, and 

heating the green shell mold to a temperature sxiffident to produce a fired ceramic 
shell mold. 

LO 

17. The product of the process of daim 16. 



18. A method of manufacture of an investment casting mold comprising, 

mixing refractory fiber, g^ass fiber, and refractory filler to form a first dry blend, 
15 mixing refractory fiber, glass fiber, and refractory filler to form a second dry blend 

which may be the same or different from the first dry blend, 

mixing the first dry blend with an aqueous colloidal silica sol to form a refractory 

prime coat slurry, 

mixing the second dry blend with an aqueous colloidal silica sol to form a 
20 refractory back-up coat slurry which may be the same or different from the refractory 
prime coat slurry, 

appljdng a coating of the prime coat slurry onto an expendable pattern of 
thermoplastic material to produce a prime coated preform, 

drying the stuccoed, prime coated preform, 
25 applying a coating of the refractory back-up coat slurry onto prime coated preform 

to produce a refractory back-up coated preform, 

drying the refractory back-up coated preform, 

removing the expendable pattem from the refractory back-up coated preform to 
produce a green shell mold, and 
30 heating the green shell mold to a temperature sufficient to produce a fired ceramic 

shell mold. 
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19. The process of example 18 wherein flw refractory slurry wherein the refractory fiUer 
includes 200 mesh fused silica, 35 mesh mullite, and 48 mesh muUite, 



20. The product of the process of claim 18. 
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